I INTRODUCTION
The continued growth in wireless communication systems is increasing the demand for low-cost microwave components and antennas. The crosseddipole antenna, printed on low-cost FR4 substrates is often used as radiating elements for network-point and base-station and antennas [1] [2] [3] [4] . In this paper a printed crossed-dipole antenna operating in the 2.45GHz wireless and ISM (industrial, scientific and medical) band is presented experimentally. The polarization diversity is obtained due to the spatial orthogonality of the two printed dipole antennas. A quarter wave balanced-to-unbalanced resonant line section is used for matching and to improve both the the impedance bandwidth and the isolation between orthogonal elements of the dipole. The antenna is fed using microstrip feedlines, which are placed normal to the dipole wing. The two isolated feed ports can then be excited in various ways to launch linear polarizations with ± 45 o tilt or circular polarizations with right-hand or left-hand sense.
II ANTENNA STRUCTURE
The proposed wing shape of the dipole reduces the shunt capacitance at the gap. The impedance of short thick dipoles is smaller than that of thin dipoles with the same overall dimensions [5] . By using Schelkunoffs method [6] , it is known, that for a cylindrical dipole, a broader impedance bandwidth can be obtained by increasing the diameter. This also applies to planar structures [7] . The antenna is fabricated on a circular piece of FR4 laminate of 1mm thickness and radius r=z30 mm. The relative permittivity is 4.3 in this frequency range. The dipole wing length l = 17 mm, the gap between dipole wings g = 6 mm. The maximum width of the wing w-12mm, which occurs at a distance 12 =6.3 mm from the end of the wing, as shown in Figure 1 . is centrally mounted at the base of the structure and placed at a distance of A /4 from dipoles. The quarterwave balanced-to unbalanced (balun) transformer was chosen for the feed system. The dipole is fed using two vertical elements connecting each dipole with the ground plane. Each vertical element comprises a shorting strip and an impedance transformer realized by employing a tapered microstrip line. The microstrip ground is connected to one of the dipole wings and the feed is connected to the opposite wing via a bridge as shown in Figure  2 . The balun is based on the well-known resonant line section terninated by short circuit. Its double purpose is to transform the unbalanced current distribution of the input transmission line into the balanced one of the dipole while an impedance match is also provided. 
IV MEASUREMENTS Impedance and isolation
In order to achieve dual linear polarization or circular polarization, it is necessary to have 2 dipoles oriented orthogonally. In this case, the crossed dipoles structure is used, and a quadrature phase arrangement can be used to achieve circular polarization and two independent feeds used for dual linear polarization. When using cross-polarized dipoles, the isolation between dipole ports is a difficult and very important parameter to achieve. Generally, a 20 dB isolation between ports is necessary for polarization diversity. Otherwise, problems with pattern squint and crosstalk can arise.
Optimizations and trade-offs were made in order to get a good compromise between return loss and isolation. It can be seen in Figure 5 that the measured l0dB return loss (Sl l and S22) is achieved from about 2. Frequency GHz Figure 6 . Photograph of the printed wideband crossed dipole antenna with planar reflector.
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Radiation characteristics
The radiation patterns were measured in an anechoic chamber at 2.45 GHz for both polarizations. Figure  7 shows the measured pattern for the xy plane, while the yz plane is shown in Figure 8 . These may be configured in the ±45 The measured axial-ratio is less than 3 beamwidth greater than 130 degrees. A spinning dipole is often used to examine the axialratio performance for circularly-polarized antennas. The spinning dipole was excited by one port of the Rohde & Schwarz ZVA24 vector network analyser and port two is connected to the antenna. The analyser is frequency swept and the antenna response is shown in Figure 9 . It can be seen that the axial ratio (S21, in this case) is less than 4 dB from 2.4 GHz to 2.63 GHz. The spinning dipole pattern is shown in Figure 9 . The axial ratio is less that 3 dB over a beamwidth greater than 130 degrees.
V CONCLUSIONS
A wide bandwidth for a printed crossed-dipole has been achieved by optimising wing geometry, without significant degradation of port-to-port isolation, crosspolar performance, gain or circularpolarization performance. The antenna has a gain of 6.5 dBi, a front-to-back ratio of 20 dB, over the frequency range of 2.2GHz to 2.7 GHz, for linear
